Twin, adoption and family studies have provided overwhelming but indirect evidence for a significant genetic contribution to the etiology of schizophrenia. More recent studies exploiting a plethora of highly polymorphic genetic markers provide a more direct approach to the identification and localization of genes. Current investigative efforts to identify schizophrenia susceptibility genes include diverse approaches such as linkage analysis, association studies, search for chromosomal abnormalities, analysis of disorders or syndromes with simple inheritance that overlap phenotypically with schizophrenia, studies of genetic anticipation and efforts to facilitate genetic analysis by reducing the phenotypic complexity of the disease. For the first time, after many years, there are now several promising findings, as well as replication efforts that inspire a certain degree of confidence in them.
Introduction
cortical connectivity. 8 As the affected structures represent critical 'nodal stations' in the circuits conSchizophrenia is a common and heterogeneous mental necting the association cortex with subcortical strucdisorder. For many years, schizophrenia was contures, the aberrant organization of neurons is likely to sidered to be a 'functional' psychosis attributed to the have major consequences for higher cortical function. effects of neurotransmitter (sych as dopamine and This aberrant development of cerebral structure and serotonin) disturbances on neuronal excitability. Howfunction seems to be a consequence of events of ever, this interpretation seems to be only partially corenvironmental origin that act early in fetal life on a rect, and there is now a mounting body of evidence susceptible genetic background. Probable environmenfrom a series of neuropathological and magnetic resontal insults include obstetric complications/birth ance imaging (MRI) studies to support the view that traumas, 9-11 extreme nutritional deficiency of the schizophrenia can be a consequence of disturbances in mother during early gestation, 12 viral infections and development of the brain starting probably as early as autoimmune disorders 13 and other unspecified during the intrauterine life. [1] [2] [3] [4] [5] These disturbances environmental factors. The role that obstetric and percould take the form of abnormalities of cell migration, inatal complications play and the mode of their intercell death, failure of neurons to make proper connecaction with the genetic background is unclear. There tions, etc. For example, one of the most replicated finis considerable evidence from retrospective studies to dings is the presence of a diffuse reduction in brain implicate them as risk factors, although a more recent volume (primarily of the gray matter), which is most prospective study of a large birth cohort did not find pronounced in the regions of the medial temporal any association. 10 The viral/autoimmune theories have lobe 6, 7 and does not appear to be associated with signs received a lot of attention and seem to be supported by of degenerative or inflammatory processes. 3 In addition several lines of evidence. For example, there is conto volume and/or neuron loss, morphological investisiderable evidence of a strong negative association gations of the brains of schizophrenia patients have between schizophrenia and rheumatoid arthritis, 14 a revealed disordered arrangements of neurons within common autoimmune disease that is associated with the same general area. 3 Notably, a distorted distrithe class II human leukocyte antigen (HLA) DR4, leadbution of NADPH-diaphorase positive interneurons has ing to the suggestions that DR4 may protect against been reported and interpreted as indicating a perturschizophrenia. 13 In addition, a number of epidemiologbation in the function of the cortical subplate, with ical studies suggest that prenatal exposure to influenza consequent disturbances in neuronal migration and is associated with schizophrenia. 15, 16 The absence of viremia during influenza infection led to the hypothesis that the environmental insult in a proportion of Reviewing the entire literature in this field of (3) Unlike simple Mendelian disorders caused by highly penetrant but rare functional polymorresearch (or at least the part which is most consistent) is beyond the scope of this paper. However, there are phisms (mutations) in a single gene, complex psychiatric disorders and schizophrenia in particular, several predictions emanating from the notion that schizophrenia is a neurodevelopmental disorder, are likely to be associated with low penetrance but common functional variations, in a number of suswhich are relevant to the interpretation of the results and the design of experiments addressing ceptibility genes (genes of weak or moderate effect). It is almost certain that high genetic heterogeneity phenotype/genotype relations (some of which are discussed below). One important prediction is that presexists in schizophrenia 40,41 which, most likely, has the form of overlapping sets of interacting genes ence of structural changes during fetal life might be associated with more subtle alterations in function or predisposing an individual to the same disease. (4) Due to the high genetic heterogeneity, the waiting behavior found in infancy, childhood and early adulthood, preceding the onset of obvious clinical symptime (defined as the number of families needed to be tested) to make an initial linkage detection is toms. Indeed, deficits in attention were initially shown to predict the later manifestation of schizophrenia shorter compared to the waiting time required to replicate a previous linkage detection. 42 The reason among the offspring of schizophrenic parents. 19 Two more recent prospective studies of large birth cohorts is that in the former case many markers are assayed simultaneously and in principle compete with one designed to address and test this prediction 20, 21 found that patients destined to develop schizophrenia another, whereas in the latter case only one marker is being assayed (that marker previously implicated showed (as early as at the age of 4) significant deficits in a range of behaviors compared to their peers: solitary in an independent linkage study). play, reduced educational achievement, more anxiety, poor speech development and poor motor control.
Although genetic studies have a clear end pointidentification of a mutation or polymorphism in a gene Another prediction is that physical dysmorphologies often associated with developmental disorders might and demonstration that it is affecting its function in a way that predisposes to the disease-there is no single also be found in patients with schizophrenia. Indeed, subtle dermatoglyphic abnormalities and minor physiway to get to it. Current investigating efforts to identify schizophrenia susceptibility genes present a remarkcal anomalies have been described at higher frequencies among schizophrenic subjects compared to able diversity and include any of the strategies outlined below. normal controls.
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Linkage analysis
Genetic approaches
Linkage studies using DNA markers in families with multiply affected individuals are useful in the detecTwin, adoption and family studies (not discussed here) provide overwhelming but indirect evidence for a sigtion of monogenic or oligogenic inheritance where one or a small number of genes have a major effect. These nificant genetic contribution to the etiology of schizophrenia. [26] [27] [28] [29] [30] More recent studies using genetic markers studies are based on the assumption that a gene of major effect segregates in at least a proportion of the provide a more direct approach to the identification and localization of genes. The following issues are relfamilies, that within-family homogeneity exists, and that the mode of inheritance can at least be approxievant to the interpretation of the results from these studies: mately inferred. As none of these assumptions are likely to be satisfied in schizophrenia inheritance, nonparametric approaches, involving analysis of pairs of (1) The mode of inheritance of the disease is not simple 31,32 and as noted above, inheritance of susceptiaffected relatives (less atypical than multiplex families), have been developed. [43] [44] [45] In this analysis, bility involves in all likelihood, both genes and environmental influences. Efforts to fit specific evidence for linkage is inferred if affected pairs share more alleles at a given marker locus than would be models of transmission to pedigree data using complex segregation analysis, did not prove effective expected by chance. These approaches have the advantage that the mode of inheritance need not be specified because of the low power of this approach and the complexity of the disease.
and are more appropriately employed in the detection of genes of moderate (rather than major) effect. The (2) Schizophrenia shows familial co-aggregation with a collection of personality traits known as schizosimplest approach is the affected sibling pair method that has already been used successfully in other comtypy or schizotypal personality disorder, as well as with schizoaffective disorder, atypical psychotic plex genetic diseases, such as type 1 diabetes mellitus. 46 A disadvantage of the nonparametric methods disorders, avoidant and paranoid personality disorders. [33] [34] [35] Some of these disorders occur in the is that the power of the method is low, and therefore large sample sizes are required. relatives of probands with schizophrenia more commonly than schizophrenia itself. 36 Moreover, Over the past few years, the increased availability of highly polymorphic markers more or less evenly in some families, there is co-aggregation of both schizophrenia and bipolar disorder suggesting the spaced throughout the genome made feasible a genome-wide search for schizophrenia susceptibility loci. possibility of some shared vulnerability. [37] [38] [39] Results from several genome-wide scans have been Chromosome 8p22-p21 This region has been identified in the JHU/MIT genome scan. 62 In the initial reported. [47] [48] [49] [50] [51] [52] Empirical data from these studies made report of linkage in this region, 62 the maximum lod it clear that by using a linkage strategy to identify score was 2.35 under the dominant model for the schizophrenia susceptibility genes, one can only marker D8S136 and 2.20 for the same marker under the broadly define a region of interest, most likely due to recessive model. In addition, analysis of allele sharing limitations posed by the high degree of genetic heteroamong affected sib-pairs provided the most significant geneity and the weak or moderate effects of the evidence for the marker D8S258 (P = 0.00004). More involved genes. Thus despite the effort involved, none recently, 63 a dense map of 8p12-p22 was produced and of these studies had enough families to overcome these the maximum lod score obtained in further analyses of limitations and establish conclusive evidence for linkthe same families was 2.6 for D8S560 under heterogenage that would permit pursuit of gene identification eity using a dominant (affecteds only) model and a narthrough cloning strategies. However, cumulative evirow definition of the phenotype. The most significant dence from replication efforts (including international sib-pair sharing of alleles was obtained with marker multi-center ones) is now available to suggest that D8S258 (P = 0.0008). Further support for the presence schizophrenia susceptibility genes may be found in of a susceptibility locus in this region was provided by regions on chromosome 22q, chromosome 8p and chrotwo more recent follow-up studies. mosome 6p with reasonable confidence (enough to jusOne study genotyped 567 informative pedigrees from tify further genetic and biological studies).
14 independent research groups for five markers on 8p (D8S261, D8S258, D8S133, D8S136, and D8S283).
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The maximum lod score was 2.22 (P = 0.0014) for 13 Chromosome 22q This region was first identified in groups (independent replication sample) under a the JHU/MIT genome scan. 47, 53 The maximum lod recessive model for locus D8S261, the most telomeric score (2.85) was obtained from 39 families for the of the five markers tested. The non-parametric analyses dominant model for the marker IL2RB in 22q13. 47 At report P Ͻ 0.005 for D8S133 for allele sharing in the around the same period, Coon and colleagues reported independent replication sample. Also, Kendler and a lod score of 2.09 towards the distal end of the chrocolleagues 65 found evidence for linkage in this region mosome for marker D22S276 under a recessive model, for locus D8S258 with maximum heterogeneity lod as part of their genome search using a sample of nine score 2.34 (P = 0.002) using a dominant genetic model pedigrees. 50 Application of this model to the JHU/MIT and a broad definition of the schizophrenia spectrum. extended sample of 57 families, gave the highest over-A potentially interesting observation, is that the 8p all lod score (1.20) for locus CRYB2 at 22q11. 54 The region implicated in these studies, overlaps with the same marker gave the maximum lod score in the region Shortest Region of Overlap (SRO) for a form of agenesis (1.30) when the data were analyzed using a dominant of corpus callosum (ACC). Indeed, one of the most conmodel with a lower maximum penetrance (0.50). Thus, sistent chromosomal rearrangements associated with no region of 22q could be excluded, and the most likely ACC is dup8(p21p23), 66 suggesting that this region region included q11-q12. might harbor genes influencing neuronal connectivity. Since then, several additional groups genotyped Interestingly, a systematic MRI study 67 reported partial markers in the region. These studies have not sup-ACC in ෂ2% of schizophrenia patients (vs 0.07-0.005 ported linkage (based on the strict criteria described by in the general population) indicating an abnormal Lander and Kruglyak 55 ), but none of them have been development of CC and/or of the developmentally able to rule out the possibility of linkage for markers related limbic structures, in schizophrenia. in this region for a subset of the schizophrenic families. Most of these studies genotyped and provided positive Chromosome 6p In 1995, two reports appeared proresults for the marker D22S278 in 22q12. [56] [57] [58] A multividing suggestive evidence of linkage between schizocenter collaborative effort 59 analyzed genotypings of phrenia and chromosome 6. 68,69 A study of 186 Irish the marker D22S278 provided by 11 independent families 68 reported linkage at the distal end of the short research groups worldwide, by employing an affected arm of chromosome 6. Straub et al 69 analyzed the entire sib-pair analysis on a sample of 296 affected sib-pairs cohort of the 265 Irish families and reported evidence for whom parental data were available and revealed for linkage in approximately 15-30% of them in the significant allele sharing by affected individuals for 6p24-22 region. A maximum lod score of 3.51 was this marker (P = 0.001). In addition, Schwab et al 60 reported for marker D6S296 using an intermediate reported a mildly positive lod score (0.61) for D22S304 definition of the disease and there was also suggestive (approximately 3 cM centromeric to D22S278), and but weaker evidence for sib-pair sharing of alleles of Vallada et al 61 reported modestly significant results for the same marker. the marker D22S283 (approximately 1.5 cM telomeric Several groups followed up this suggestion of linkage to D22S278) when the transmission disequilibrium test by typing markers in both 6p24-22 and in the more was used to analyze their data. At present, the region centromeric located HLA region (6p21). Positive eviof interest on chromosome 22 includes the entire long dence spreading over a region of 40 cM, supporting the arm and it might contain more than one distinct locus existence of a schizophrenia susceptibility locus on 6p has been obtained in several samples, 70-72 as well as (see also below).
in the large collaborative effort described above. 64 This In addition, the pseudoautosomal region of the X chromosome has been a focus for investigation because finding and the subsequent attempts for replication have been described in detail by the authors in Referschizophrenic siblings are more often of the same sex than of the opposite sex. 84 expected, but more recent studies have failed to find evidence of linkage. [86] [87] [88] [89] [90] Further studies (including 18p, 79 9 and 20. 52 The locus at 13q is particularly intriguing as it harbors the gene for the 5-HT2A recepinternational collaborative ones) are needed to verify these results, estimate the contribution of these potentor; recently, a large collaborative study provided evidence in favor of an association between schizophrenia tial loci to the phenotype of schizophrenia in larger samples and help narrow down the candidate genand one allele (of a two-allele marker) at the 5-HT2A receptor gene locus (see below). Independent evidence omic regions. suggesting the existence of a susceptibility gene for schizophrenia in region 13q14.1-q32 had been initially Association studies Association studies are based on the assumption that reported by Lin et al 75 in a linkage study of 13 schizophrenia pedigrees. Multipoint analysis using a domicomplex psychiatric disorders are likely to be associated with low penetrance but common, functional varinant model allowing for heterogeneity using a narrow definition of affected gave a maximum lod score of 2.00 ations (alleles) in a number of susceptibility genes. Two designs are used more frequently to test this for D13S128 in 13q32. A recent study 76 provided further support for this region. The maximum lod score assumption. In one design, the distribution of a specific allele of a polymorphic locus is tested in affected indiwas obtained with a dominant model for the marker D13S128 (lod= 2.54), whereas the maximum lod score viduals compared to controls who have been matched by ethnicity, sex, age and have preferably been psychifor the recessive model was 2.53 for the marker D13S779, and analysis of allele sharing among affected atrically evaluated (case/control studies). Problems with this design include stratification effects, where a sib-pairs provided the most significant evidence for the same marker (P = 0.0005). The relation between the section of the population contains a disease and a marker allele more commonly than expected without reported association with the 5-HT2A receptor and the linkage results still remains unclear.
a causal relationship between them (population stratification might be less concerning if association is identSuggestive evidence for linkage at the 5q21-31 locus was provided independently by two groups.
77, 78 Straub ified in distinct subsets of patients). Another design, the Transmission Disequilibrium Test (TDT) 91, 92 tests et al 77 find strongest evidence for linkage under the narrow phenotypic definition and a recessive genetic the transmission of a particular allele from a parent to the case using the other untransmitted allele from the model, for marker D5S804 (lod = 3.35, P = 0.0002). Multipoint non-parametric linkage analysis also proparent as the 'control', and this test mitigates the need for ethnically well-matched controls. In both methodduces a peak in the same location (P = 0.002) with the narrow phenotypic definition. Schwab et al 78 initially ologies, differences in the distribution of alleles may suggest that the marker itself may have some direct obtained a lod score of 1.8 for the marker IL-9 (Interleukin-9). Follow-up sib-pair analysis in a differinfluence on susceptibility to the disease or alternatively, that the marker allele may be closely linked to ent sample revealed a lod score of 1.8 for the area around the marker D5S399, 2 cM distal to IL-9. It is of the disease allele. Association studies have several practical advaninterest to note that this region contains several candidate genes encoding immunological molecules, 80 such tages over linkage studies, namely that: (a) families with multiply affected individuals, which are relaas Interleukin-13, -4, -5,-3, -9 (IL-13, IL-4, IL-5, IL-3, IL-9), immune regulatory factor 1 (IRF1), and granulocyte tively scarce, are not required; (b) no assumptions are made about the mode of inheritance of the disease; and macrophage colony-stimulating factor (CSF2). This chromosomal region 5q21-q31 is different from the (c) there is considerable statistical power to detect genes of weak effect, unlike linkage studies in families. area 5q11-q13 initially studied by Sherrington et al 81 and later summarized by McGuffin et al, 82 and also difOften, this analysis treats patients with schizophrenia as an entity. Paradoxically, if the gene under test conferent from the area 5p14.1-p13.1, for which Silverman et al 83 reported a lod score of 3.72 for a large family of tributes to the manifestation of schizophrenia in a subset of patients, or modifies the clinical manifestation Puerto Rican origin.
The locus at 18p 79 is also intriguing because the of the disease, the frequency of the disease allele in the individuals with schizophrenia (as a group) will be same region has been previously implicated in susceptibility to affective disorders. A lod score of 2.2 has very similar to the frequency in the control population. For that reason, when sufficient numbers of patients been reported for the marker D18S53 at this locus, for schizophrenia only, in a sample of 60 families are available, the distribution of genotypes among the schizophrenia cases is also examined in relation to sev-(comprising 85 sib-pairs). Interestingly, the lod score increased to 2.6 when individuals with affective diseral variables such as gender, family history, presence of comorbid conditions, response to treatment etc.
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orders (bipolar, major depression) were included in the analyses. It is likely that this kind of analysis will eventually provide objective criteria to define etiological subtypes Of course, the limitations of association studies is that candidate genes, as well as functional polymorphisms of schizophrenia.
Association studies are used in three different conwithin these genes or at least polymorphisms in strong disequilibrium, must be identified before the test can texts:
be performed. The reason is that in heterogeneous populations, departure from the expected distribution (a) Testing candidate genes The list of the genes tested is quite extensive and cannot be covered comis only detectable very close to or at the 'associated' polymorphism. This requirement is daunting, and, as pletely in the present paper. The majority of these studies reported negative results, but in many cases the noted above, has so far restricted this approach to a relatively small number of candidate genes and to power of the samples used was not enough to detect genes of modest or weak effect. The choice of candidate those regions that are suggestive of linkage using family-based studies. Risch and Merikangas 110 analyzed gene varies according to each author's favorite model for genetic or environmental disturbances in schizothis requirement in some detail, and concluded that these limitations are imposed by current technological phrenia and some investigations have provided promising preliminary evidence of an association between capabilities and not because of insufficient numbers of families with the disease or inadequate statistical susceptibility to schizophrenia and genes fitting several candidate models or theories including: models of power. In a genomic association scheme, a large number of genes and polymorphisms (preferentially ones dopaminergic dysfunction (genes coding both for dopamine receptors [93] [94] [95] 97, 98 and for the enzymes involved that create alterations in derived proteins or their expression) must first be identified (partly as a byproin dopamine metabolism [99] [100] [101] ), models of serotonergic dysfunction, [102] [103] [104] viral/autoimmune theories, [105] [106] [107] duct of the Human Genome Project), and an extremely large number of biallelic polymorphisms will need to and neurodevelopmental disturbances.
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One of these candidates has already been studied be tested on several hundred families. For that reason, more efficient methods of screening a large number of further in a more extensive sample with enough power to detect genes of weak effect: Williams et al 104 testing polymorphisms (for example sample pooling, high density DNA arrays 111 ) must be optimized and applied. a large European sample has provided evidence in favor of the previously described (in a smaller sample) Furthermore, the required number of markers and families needed for initial screening could be reduced if association between schizophrenia and the T102C polymorphism of the gene for 5-hydroxytryptamine one allows for linkage disequilibrium, or if the screening is performed in a more homogeneous population type 2A (5-HT2A) receptor. A significant overall association between schizophrenia and allele 2 (P =0.003) (genetic isolates). and a significant excess of the 1-2/2-2 genotypes in schizophrenia [P = 0.008, relative risk of 1.7 (1.22-Search for chromosomal abnormalities Identification of chromosomal changes in affected indi-2.36)] were reported. Although this gene seems to have a weak effect, this could in principle be an important viduals, including translocations and deletions has been invaluable for identifying disease-related genes, finding, as it could offer an anchor for further biological studies. Unfortunately, in this case the possibility and has also been described in association with mental disorders, and especially schizophrenia. A critical of true causative relationship could not be demonstrated (eg by functional assays of the variant) and the review of the reported karyotypic anomalies on autosomes was prepared by Ann Bassett. 112 fragile sites at 8q24, 10q24; 121 and interstitial deletions an independent sample of patients and both of their parents from families other than the ones used in the at 9q32-q34.1 122 and 22q11.1. 123 In addition, an apparent excess of sex chromosomal aneuploides have been linkage studies. Progress in this approach heavily depends upon access to the data assembled in the condescribed in patients with schizophrenia and these reports have been reviewed by Delisi et al. 124 text of Human Genome Project (YAC/BA/cosmid contigs, Expressed Sequence Tags, transcript databases Most of the described chromosomal anomalies are reports of isolated cases detected in karyotypic prepetc).
arations. Given the amount of effort involved in going from the karyotypic anomaly to the isolation of the rel-(c) Genome scanning It is likely that only a portion of the loci harboring schizophrenia susceptibility genes evant gene(s), a number of criteria need to be satisfied to warranty with reasonable certainty a causative will be identified by linkage studies. It has been suggested 110 that the limitations to detecting many of the relationship. Ideally, observations of a chromosomal abnormality and schizophrenia co-existing in patients remaining genes (of weak effect) by linkage studies could be overcome by genomic association studies that and consistently co-segregating in families would greatly increase the likelihood of a true association are more suitable for detecting genes of weak effect.
(such examples include a report of an Asian family ing this locus. One study implicated the 22q11 region in early-onset schizophrenia. 131 One male patient with where two family members with schizophrenia were found to have a partial trisomy of chromosome 5 an otherwise normal karyotype, was identified by FISH (fluorescent in situ hybridization) to carry the 22q11 caused by an unbalanced translocation of the long (q) arm of chromosome 5, 125 and a report of co-segregation microdeletion, from a sample of severely ill children (11 males and 14 females) and adolescents meeting of psychiatric illness and a translocation involving chromosome 11q14-21 in a large Scottish pedigree 126 ).
strict diagnostic criteria for schizophrenia with onset of psychosis by age 12 and premorbid IQ Ն70. InterestIn addition, an independent positive linkage finding at the same chromosomal region may strengthen the ingly, there was no evidence of typical facial or cardiac features of VCFS supporting the view that psychosis power of any finding. However, even with true associations such invariable correlations may not exist in should be better described as a result of the variable expressivity of the 22q11 deletions (rather than a feainstances of reduced penetrance or variable expressivity, and supportive linkage might not be observed in ture of the VCFS syndrome). Two other studies 132, 133 reported a high incidence and wide range of psychocases of weak effect genes. It should also be noted that in families segregating the chromosomal abnormality, pathology associated with the 22q11 microdeletions in children including dysthymia, major depressive disand where a true causal association exists between the chromosomal abnormality and schizophrenia, one orders, schizotypal traits, attention deficit disorder with or without hyperactivity, and bipolar spectrum might observe schizophrenia without the cytogenetic abnormality. This could be due to the expected, on disorders. The relation of the early psychopathology with the later development of schizophrenia or schizotheoretical grounds, within-family genetic heterogeneity of the disease that can result from bilineal transphrenia spectrum disorders is unclear. Lastly, there is some preliminary suggestive evidence that 22q11 mission of genes, especially in families with multiply affected members (within-family heterogeneity has deletions might also predispose to obsessive compulsive disorder (OCD) and bipolar illness (BP). 130, 133 It been demonstrated for other complex disorders 127, 128 ). Thus, criteria based on associations within one or few should be noted however, that both potential associations with OCD and BP were, for the most part, based families can be inconclusive and the most reliable criteria should involve, when possible, demonstration of on psychiatric evaluation of a small number of patients with the 22q11 deletions, and in one case 133 by raters at least one (or preferably both) of the following: (1) increased frequency of a specific chromosomal who were not blind to the deletion status of the patients. No attempt has been made so far to identify abnormality in a population of patients with schizophrenia; (2) increased frequency of schizophrenia in a deletions in larger samples of OCD and BP patients ascertained blindly to the status of the 22q11 region in population of patients with a specific chromosomal abnormality.
the same way this was done for schizophrenia. 123 If the association with OCD and BP is confirmed and One chromosomal abnormality that seems to satisfy both of these criteria is a microdeletion in 22q11.
strengthened by further studies (deletion identification, association studies etc), the possibility exists that (as Karayiorgou et al 123 reported and characterized two hemizygous cryptic deletions in a sample of 100 unremay be the case for the 18p locus) the 22q11 region harbors a gene or a set of genes involved in more than lated schizophrenic patients. The frequency of this microdeletion in the general population is estimated to one psychiatric disorder. The work on 22q11 suggests that a higher yield of be 2 in 10 000 (although this is probably an underestimate) and no deletions were found in a samcryptic abnormalities could be expected should appropriately designed cytogenetic techniques 134 be applied ple of 200 healthy controls. The identified locus (ෂ1.5 Mb in size) is located in the proximal part of a to psychiatric disorders. This can also be expected on a theoretical basis as genes which are important for brain region at chromosome 22q implicated independently in schizophrenia susceptibility through linkage studies development and the establishment of migration and connectivity patterns are likely to be involved in binary (see above). This locus overlaps with the SRO involved in the etiology of Velo-cardio-facial (VCFS)/DiGeorge decisions or read out of chemical gradients. Accordingly, such genes are expected, in principle, to be (DGS) syndromes, 129 developmental disorders caused at least in part, by abnormalities of the neural crest and sensitive to dosage effects. Recent work from the group of Ann Bassett 135 provided further evidence in support neuronal cell migration. VCFS/DGS patients typically present with some combination of congenital heart disof this prediction: examination of a random sample of 120 schizophrenic patients using a structured physical ease, cleft palate, velopharyngeal incompetence, facial dysmorphia, and learning disabilities. This overlap dysmorphic examination to screen for the presence of 26 facial and other physical features for VCFS revealed provided the opportunity to test whether the second criterion is satisfied and it was actually shown that four that 13.3% subjects had facial and other VCFS dysmorphic features (the same dysmorphic features were out of 14 (29%) VCFS children with 22q11 deletions develop schizophrenia or schizoaffective disorder in identified as being most common in five positive control subjects previously diagnosed by the same group adolescence and adulthood. 130 The data also suggested a high rate of psychotic illness among the second-and with VCFS and schizophrenia who also had chromosome 22q11 microdeletions). Learning disabilities or third-degree relatives of the patients. Recent studies have started providing additional information regardmental retardation were also prevalent. This study extends previous studies that have reported an neurological disorders is known to arise from the expansion of trinucleotide repeats between generations increased prevalence of certain minor physical abnormalities in schizophrenic patients [22] [23] [24] [25] and suggests of affected individuals. 150 The evidence for dominant inheritance and anticipation, the apparent prevalence that other microdeletions (among other potential etiologies) may be causing the dysmorphic features of dominant genes in schizophrenia as well as the high frequency of human brain genes containing trinucleoidentified. The probability of detecting a chromosomal aberration in patients with schizophrenia may be tide repeats justified further screening for triplet repeat expansions in schizophrenia. In some studies, specific enhanced by selecting those who also have minor physical abnormalities, learning disabilities or mental genes with trinucleotide repeat polymorphisms, were investigated in case/control studies of unrelated retardation.
schizophrenics and matched controls but no unusually long alleles that would suggest abnormal expansion of Analysis of syndromes with simple inheritance and phenotypic overlap with schizophrenia the trinucleotide repeats were observed for any of these genes. 151 Other studies used the 'repeat expansion Another approach to identify or narrow down a genomic region involved in schizophrenia susceptibility is detection' to screen individual genomes for the size of such expansions in a sample of schizophrenic and norto identify diseases or syndromes with a simple Mendelian mode of inheritance which share some phenomal subjects. One study 152 reported a significant difference in the distribution of CAG repeat sizes found typic overlap with schizophrenia. This could be due to a cytogenetic abnormality affecting both genetic loci, between affected and normal females (P = 0.0023) but not males and an association of the larger (69-136 or due to co-segregation of two neighboring disease loci on the same chromosome. As noted above, schizorepeat) expansions with a younger age-at-onset (P = 0.02). O'Donovan et al 153 using the same methodphrenia and other psychiatric disorders have been reported as features of adults with velo-cardio-facial ology demonstrated a significant shift toward larger repeats in schizophrenic probands compared with consyndrome (VCFS). There have also been reports of Marfan syndrome co-segregating with schizophrenia, 136, 137 trols. Although both of these studies need to be replicated in larger samples they represent a promising notably in five Ashkenazi Jewish families. 138 Marfan syndrome (MS) is a rare autosomal dominant disorder venue of research provided that the remaining major challenge (that is identification and cloning of such of connective tissue with manifestations in the cardiovascular, ocular and skeletal systems that is caused expanded repeats) is dealt with successfully. 154 mainly by mutations in the fibrillin 1 gene (FBN1) at 15q21.1. 139 Genetic linkage analysis with multiplex Reduction of phenotypic complexity Genetic studies have been hampered not only by the families, using genetic markers spanning the MS locus, failed to find evidence of linkage with schizophrenia high genetic heterogeneity of the disease and the low penetrance of the involved genes, but also by the difacross the Marfan syndrome locus, 48, 140 but this is not surprising if only a weak effect gene affecting only a ficulty in defining schizophrenia phenotypes using confirmed and objective criteria. Of course, genetic hetsubset of families lies in that locus. Further studies (eg search for chromosomal abnormalities, association erogeneity could explain the wide range of clinical features that constitute schizophrenia but resolution of studies with resident genes) are necessary to delineate this potentially interesting association.
this issue awaits the identification of susceptibility genes and the study of their clinical correlates. Given In addition, there has been a single report 141 of a patient with schizophrenia and Treacher Collins synour profound ignorance on this subject, the most usual approach currently used to define schizophrenia for drome, whose genetic etiology maps in 5q32-33. 1, 142 telomeric to the region where linkage with schizothe genetic research described above, is to employ both a narrow (schizophrenia and schizoaffective disorder) phrenia has been reported. 77, 78 The significance of this observation is unknown. Other syndromes with coand a broad definition (schizophrenia and schizoaffective disorder plus other spectrum disorders). There occurrence of psychotic symptoms are Prader-Willi syndrome, 143, 144 which is most often associated with have been, however, several attempts to improve the definition of the phenotype for genetic studies by using interstitial deletion or uniparental disomy of chromosome 15q11-q13, and Wolfram syndrome, 145, 146 an electrophysiological 155, 156 and neuropsychological 157 measures. Abnormalities of P300 latency and ampliautosomal recessive syndrome, the gene for which maps on the short arm of chromosome 4. 147 The tudes, have been found in schizophrenic patients and unaffected family members. 158 In addition, inhibition relation, if any, of these syndromes to schizophrenia is yet to be determined.
of the P50 response (a method developed for examining the filtering or gating of sensory input to higher brain centers) is diminished in schizophrenics.
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Genetic anticipation studies A different line of research has recently been initiated These abnormalities have also been found in subjects with borderline or schizotypal personality disorder based on the clinical phenomenon of genetic anticipation. Components of anticipation, such as increased and other psychiatric and neurological disorders. Recently, inhibition of the P50 response was used as a severity, penetrance and earlier age of onset in subsequent generations, have been observed in some phenotype for linkage analysis to identify any chromosomal areas that contain genes responsible for the schizophrenia families. 
